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Abstract
· Diabeticretinopathy (DR),amajormicro-vascular
complicationofdiabetes,hasemergedasaleading
cause of visual impairment and blindness among
workingadultsintheworldwide.ThepathobiologyofDR
involves multiple molecular pathways and is
characterized chronic neurovascular degeneration.
CurrentapproachestopreventortotreatDRarestillfar
fromsatisfactory.Therefore,itisimportanttodevelop
new therapeutic strategies for the prevention and
treatmenttoDR.Pigmentepithelium-derivedfactor
(PEDF),a50-kDasecretedglycoprotein,hasbeen
describedasamulti-functionalprotein.Someemerging
evidencesindicatethatPEDFareabletotargetmultiple
pathwaysexertingneurotropic,neuroprotective,anti-
angiogenic, antivasopermeability, anti-inflammation,
anti-thrombogenicandanti-oxidativeeffectsinDR.In
thisreview,weaddressedthefunctionsofPEDFin
different pathways, which could lead to potential
therapeuticsonthetreatmenttoDR.
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INTRODUCTION
D
iabeticRetinopathy DiabeticRetinopathy (DR)as
themajormicro-vascularcomplicationofdiabetes,has
emergedasaleadingcauseofvisualimpairmentand
blindnessamongworkersinthedevelopedcountry
[1].The
prevalenceofDRcontinuouslyincreasesatanalarmingrate
withtherisingincidenceofdiabetesintheworld.Arecent
studyoftheprevalenceofdiabetessuggestedthatthe
diabeteshasbecomeamajorpublichealthproblemamong
Chineseadults
[2].Currentapproachestopreventortotreat
DRincludesystemiccontrollingofbloodpressure,blood
glucoseandlipids,aswellaslocaltreatmentsuchasretinal
photocoagulation,parsplanavitrectomyandadministration
ofanti-vascularendothelialgrowthfactor(VEGF)agent
[3].
However,theeffectsofthosetreatmentsarelimitedbecause
ofeitherlackingofgoodefficacyortheconsiderableside
effects.Therefore,itisimportanttodevelopnewtherapeutic
strategiesforthepreventionandtreatmenttoDR.
PEDF Asanon-inhibitorymemberoftheserpin(serine
proteaseinhibitors)super-family,PEDFisa50-kDasecreted
glycoproteincontaining418aminoacids,whichwasfirst
identifiedin1989fromtheconditionedmediumofcultured
humanfetalretinalpigmentepithelialcellsanddescribedas
neuronaldifferentiatingactivityinhumanretinoblastoma
cells
[4-9].ArecentstudyindicatesthatthePEDFconcentration
inplasmaissignificantlyhigherindiabeticpatients,
especiallyintheeyeswithPDR,whencomparedwiththe
PEDFlevelintheaqueousandvitreous.Therefore,Ogata
[10] suggestedthathighlevelsofPEDFintheplasma
mightberelatedtotheprogressionofDR.However,most
previousclinicalevidenceshavedemonstratedthatreduction
ofaqueousandvitrousPEDFlevelarepositivelycorrelated
withtheseverityofdiabeticmacularedema(DME)andPDR
inpatientwithDR
[11-14].Inanotherword,severeDMEmight
beascribedtothelowlevelofPEDF.Inaddition,the
concentrationofPEDFinepiretinalmembranes (ERMs)of
diabeticpatientsislowerthanthatofnon-diabeticpatients
[15].
Discrepancyamongthosestudyresultsontheconcentration
ofPEDFindicatethattheserumPEDFlevelmayincreaseas
acounteractivesystemtopreventthevasculardamagesinthe
metabolicsyndrome
[16].ButinmostclinicalreportsPEDF
levelsinaqueousorvitreousaredecreasedinpatientswith
diabetes,especiallywithPDR,whichsuggeststhatalossof
PEDFinthehumaneyemaycontributetothedevelopment
andprogressionofPDR
[11].Therefore,Yoshida
[12].
suggestedthatPEDFmightbeusedasatherapeutictargetfor
oxidativestress-involvedeyediseases,especiallyPDR.
Furthermore,animalstudiesalsoconfirmedthetherapeutic
221effectofPEDFadministrationforretinalneovascularization
inamodelofdiabetes-likeretinopathybyoverexpressing
IGF-1oroxygen-inducedretinopathy(OIR)
[17,18].Evidence
showedthatPEDFtargetsmultiplepathwaysinvolvingboth
earlyandlatephasesinthepathologicalprocessofDR.Asa
multi-functionalprotein,PEDFcontributestopromotionof
pericytesurvivalandinhibitionofvascularleakageand
angiogenesisinDR.Therefore,PEDFmightbeusedasa
newtherapeuticcandidateforthetreatmentofDR.Here,we
reviewedthepossiblemolecularmechanismsofthedrug
actionofPEDF.
PLEIOTROPICFUNCTIONSOFPEDFONDR
PEDFworkingasaneurotropicandneuroprotective
factor Itisknownthatthemoststrikinghistopathological
featureofDRisvascularabnormalities
[19].Severalstudies
indicatethatretinalneuro-degenerationarealsoinvolvedin
thepathogenesisofDRandprecedetheonsetofvisible
vascularchange.Clinicalstudyonfibrovasulartissueof
diabeticpatientsshowedthattheimmunoreactivityofPEDF
inglioticM 俟 llercellsdecreasedwhencomparedwiththatof
non-diabeticpatients.ThisfindingsuggestedthatPEDF
mightworkasaneuroprotectortopreventtheneuroretinal
damageofDR
[20].
Astudyonstreptozotocin(STZ)induceddiabeticrats
showedthatintravenousadministrationofPEDFproteins,can
significantlydecreasetheamplitudeofelectroretinogramand
reducetheglialfibrillaryacidicproteinexpressioninM 俟 ller
cells
[21].Inaddition,theapplicationofPEDFcanalso
contributetothedecreaseoftheactivitiesofNADPH-
oxidize.ThesefindingsindicatethatPEDFmightprevent
neuronalderangementsbyinhibitingthegenerationof
NADPH-oxidize-drivenoxidativestressintheearlyphaseof
DR
[22].Furthermore,theextracellularglutamatelevelsof
retinaregulatedbyM 俟 llercells,couldexcessinhighglucose
conditions
[23,24].Glutamateexcitotoxicitymightbeimplicated
intheneuroretinaldamagethroughtheactivationofN-metil-
D-aspartame(NMDA)receptorsandthesubsequenttriggering
inacascadeofapoptoticpathway
[23].Glutaminesynthetase
(GS)asaglial-specificenzymecansignificantlyaffectthe
uptakeofextracelluarglutamateintheneuralretinaby
catalyzingtheamidationreactionofglutamatetoglutamine
[24].
RecentstudieshavedemonstratedthatPEDFcouldprevent
fromtheglutamate-mediated neurodegenerationby
increasingtheexpressionofGS.Asananti-inflammatory
factor,PEDFwasidentifiedtoinhibittheactionofIL-1茁
(interleukin-1茁)intheretinaofSTZ-induceddiabeticratand
protectretinalM 俟 llercellsunderhighglucosecondition
[25,26].
Furthermore,thetransporterofM 俟 llercellshelpstomaintain
theextracellularglutamateatlowconcentrationinretina
[27].
Inexperimentaldiabetes,activityofthehigh-affinity
L-glutamate/L-aspartatetransporter(GLAST)inM 俟 llercells,
canbereducedthroughthemechanismofoxidativestress
[27].
Arecent studyhasrevealedthattheglutamateuptake
ofcellswouldsignificantlybedecreasedbyusingsiRNAto
silence PEDFexpressioninM 俟 llercelland GLAST
expressioninthenormalglucosecondition.Ontheother
hand,PEDFcanactasananti-oxidativeagenttoprotect
againstdown-regulationofGLASTexpressioninretinal
M俟llercellunderhighglucoseconditions
[28].Therefore,
PEDFplaysanimportantroleinmaintainingthenormal
microenvironmentinretina.
PEDFworkingasanantioxidativefactor Oneofthe
earliesthistopathologicalfeaturesofDRisthedropoutof
pericytesfromtheretinalcapillaries.Dysfunctionanddeath
ofhyperglycemia-inducedendothelialcellscausedbyLossof
pericytesleadstotheformationofacellularcapillariesinthe
diabeticretina.Pericyteinretinaplaysakeyroleinthe
maitainanceofvascularhomeotasisandalleviationof
oxidativestress,whichcouldbeinducedbythelossand
dysfunctionofpericytes
[29].Inculturedretinalpericytes,
PEDFcanexertanantioxidativeeffectbyinhibitingAGE
(advancedglycationendproducts)-inducedROS(reactive
oxygenspecies)generationandsubsequentlydecreased
pericytesapoptosis
[30,31].ThePEDFinhibitoryeffect,whichis
dependentonthemodulation Srcphosphorylationat
Y419,canbedisruptedthroughtheSrcpathwaybya
pharmacologic inhibitororSrcmutantapproaches
[31].
Furthermore,P13K/Akt,anessentialpathwayforcell
survival,isalsoinvolvedinPEDFprotectiveandsurvival
effectinpericytes
[32].Usingthesamecells,PEDFhasbeen
showntopreventfrompericyteapoptosisinDRinduced
underhighglucose/H2O2 condition.Inaddition,PEDF,
throughitsanti-oxidativeproperties,canpreventthe
increasedratioofangiopoietin-2toangiopoietin-1mRNA
levelthatcouldleadtothedisturbanceofpericyte-endothelial
cell interaction
[33].Furthermore,in HUVEC(Human
UmbilibalVeinEndothelialCells),angiotensinIIisableto
significantlyinducetheactivationofredox-sensitivenuclear
transcriptionfactor-资B(NF-资B)andsubsequentlyaffectthe
expressionofmonocytechemoattractantprotein-1(MCP-1)
[34].
Bothoftheproteinsarepotentfactorsof vascular
inflammationandatherosclerosis,whichcanbeinhibitedby
PEDF blockingNADPH-oxidase-mediated ROS
generation
[34].ItisknownthattheinteractionbetweenAGEs
andtheirreceptors(RAGE)canelicitthegenerationofROS
andsubsequentlyinducetheactivationofNF-资B
[35].Previous
studiesindicatedthatNF-资Bcouldactaspro-inflammatory
andpro-apoptotic factorinthe pathogenesisofDR.
Moreover,AGEsup-regulatethemRNAlevelsofRAGEby
promotingtheintracellularROSgeneration
[35].Arecent
studyindicatedthatRAGEgeneexpressionwas
suppressedindiabeticorAGE-treatedratsbyblockingthe
PEDFanddiabeticretinopathy
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activationofsuperoxide-mediatedNF-资Bafteradministration
ofPEDF
[36].
PEDFworkingasafactorofantivasopermeability
Vascularpermeabilityintheretinaplaysakeyroleinthe
maintenanceofvascularhomeotasis.Increaseofvascular
permeabilityandleakagemightenhancethedevelopmentand
progressionofDR
[37].Clinicalevidencehasshownthatlower
vitreousconcentrationofPEDFisrelatedtohigherretinal
vascularhyperpermeabilityandaggravationofDME
[11,12].
Therefore,somescientistspointedoutthatdown-regulation
ofPEDFexpressionmightleadtosevereDME
[11].Studies
and havedemonstratedthatPEDFhasan
antivasopermeabilityeffectbycounteractingthebiological
actionsofVEGF
[38,40].However,theprecisemechanismofits
protectiveeffectonblood-retinalbarrier(BRB)functionin
DRstillremainsunknown.AGEs,BRBbreakdownand
diabetes-inducedretinalvascularhyperpermeabilitycanbe
preventedbyadministrationofPEDF,whichinhibitsthe
generationofNADPHoxidase-drivenoxidativestressandthe
expressionofdown-regulatedVEGFinrats
[26,39].Thoseresults
indicatedthattheblockageonAGE-ROS-VEGFpathway
mightimplyoneoftheprotectivemechanismsonthe
antipermeabilityeffectsofPEDFinDR.Furthermore,
intravitrealinjectionofPEDFinSTZ-induceddiabeticrats
significantlyreducedthevascularpermeability,whichis
correlatedwiththedecreaseofretinalVEGFandVEGF
receptor-2(VEGFR-2),aswellasthedown-regulated
expressionofinflammatoryfactors[suchasMCP-1,tumor
necrosisfactor-琢 andintercellularadhesionmolecule-1
(ICAM-1)].Thissuggeststhatthedecreaseofvascular
permeabilitymightbemediatedbyPEDFthroughits
anti-inflammatoryactivity
[11,41].
Thecoordinatedopeningandclosingoftightjunctions(TJs)
andadherentjunctions(AJs)playimportantrolesinvascular
endothelialcell-celljunctions
[42]. 茁-cateninisakey
componentoftheAJstransmembranecomplexes.Under
normalcondition,freecytosolic 茁-cateninisphosphorylated
bybindingtoglycogensyntheseskinase3(GSK3),andthen
GSK3-mediatedphosphorylationtriggers 茁-catenin
ubiquitylationanddegradation
[43].TheblockofGSK3-
mediatedphosphorylationwillleadtotheaccumulationof
茁-catenin.Subsequently, 茁-cateninwillbetransferredinto
neucleusasatranscriptionfactortoenhancetheexpression
ofurokinaseplasminogenactivatorreceptor (uPAR).The
accumulationofuPARwillleadtotheactivationofthe
pro-uPAonthecellsurface.ActivationofuPAwillcausethe
cleavageofplasminogenintotheactiveplasmin,whichthen
inturnactivatesthematrixmetalloproteinases (MMPs)
[44].
SeveralstudieshaveshownthattheactivationofuPA/uPAR
systemsisinvolvedin VEGF-inducedvascular
hyperpermeabilityinendothelialcellunderhighglucose
concentrationandintheretinaofSTZ-induceddiabeticrat
[45,46].
Inhypoxia-exposedretinal capillaryendothelialcells,
VEGF-inducedparacelluarpermeabilitycanbeblockedby
PEDF theMAPK/glycogensynthasekinase(GSK)/
茁-cateninsignalingpathway,whichconsequentlyinhibitthe
activationofuPAanditsreceptorsystem
[47].Inaddition,it
hasbeenshownthatVEGFR2-inducedvascularpermeability
andangiogenesisinretinalmicrovascularendothelialcells
canberegulatedby 酌-secretasethroughcleavageand
translocationoftheC-terminaldomainofthefulllength
VEGFR-1
[54].ArecentstudyhasshownthatVEGF-induced
vascularpermeabilitycanbeblockedbyPEDF,which
preventsthedissociationofendothelialjunctionsbyblocking
the 酌-secretaseinculturedmicro-vascularendothelialcell
andinmouseretinalvasculature
[48].Therelationshipamong
thosepathwaysissummarizedinFigure1.
PEDF working as an anti-thrombogenic factor
Microvascularocclusionistheearlystageofthepathological
changesintheDR.Theadhesionofleukocytestothe
vascularendothelialcellsplaysanimportantroleininitiating
thisprocess
[49,50].InspontaneouslydiabeticTorii(SDT)rats
andSTZ-induceddiabeticrats,thenumberofleukocytesin
theretinalvessels(leukostasis),accompaniedbytheincrease
ofplasmalevelofPEDFandICAM-1,issignificantly
decreasedwhencomparedtoSTZ-induceddiabeticrats
[51].
Furthermore,theretinalmicrovascularleukostasisindiabetic
andAGEs-inducedratscanbeinhibitedbyPEDF
blockingoxidativestressgenerationandICAM-1expression
[52].Therefore,aimingattheregulationofICAM-1byPEDF
mightbethecentralmechanismabouttheinhibitionof
leukostasisinDR.
PEDF working as an anti-angiogenic factor
NeovascularizationisthehallmarkofPDR,whichisamajor
causeofthevisionlossinDRpatients.Byblockingthe
expressionofVEGFanddisturbingtheVEGF-mediated
pathways,PEDFmightbethemost-likelypotentialinhibitor
ofangiogenesisinthemammalianeyes
[41].Previousstudies
haveindicated thatMAPKplaysaroleinvascular
hyperpermeabilityinducedbyVEGFwhiletheglucose
concentrationishighintheretinaofdiabeticrat
[53,54].Astudy
onOIRandhypoxia-exposedretinalcapillaryendothelial
cellshasdemonstratedthatPEDFcouldpartiallydown-
regulatetheVEGFexpressionbyinhibitingtheactivationof
MAPKandhypoxia-induciblefactor-1
[55].Meanwhile,PEDF
couldinhibitVEGE-inducedphosphorylationofVEGF
receptor-1， whichplayacriticalroleintheregulationof
VEGFreceptor-2inducedangiogenesis
[55,56].Furthermore,
PEDFalsocouldexertanantiangiogenicactivitybybinding
toWntco-receptorwithhighaffinity,andsubsequently
223Figure1ThesummaryofPEDFtargetsmultiplepathwaysexertingpleiotropicfunctionsinthepathologyofdiabeticretinopathy
VEGF:Vascularendothelialgrowthfactor;PEDF:Pigmentepitheliumderivedfactor;HIF-1:Hypoxia-induciblefactor-1;AGEs:Advanced
glycationendproducts;RAGE:AGEreceptor;ICAM:Intercellularadhesionmolecular;TNF-琢:Tumornecrosisfactor-琢;MCP-1:Monocyte
chemoattractantprotein-1;ROS:Reactiveoxygenspecies;NF-资B:Nucleartranscriptionfactor-资B;NMDAreceptor,N-metil-D-aspartame
receptors;GS:Glutaminesynthetase;MAPK:Mitogen-activatedproteinkinase;GSK:Glycogensynthasekinase;AngII:AngiotensinII.
blockingtheWnt/茁-cateninpathwayactivationandthen
down-regulatingtheVEGFexpression
[57].Theactivationof
WntpathwayfoundintheretinaofhumanwithDRandin
theretinaofSTZ-induceddiabeticratshasbeenshownto
regulatetheangiogenicfactorssuchasVEGF
[58].Those
findingssuggestthatPEDFmayexertanantiangiogenic
effectbyinhibitingthe expressionofVEGF atthe
transcriptionallevelanddisturbing theVEGF-mediated
pathwaysaddressedabove.
CLINICAL-TRANSLATIONALPERSPECTIVEAND
CURRENTCHALLENGES
Asdescribedabove,PEDFwasinvolvedinmultiple
pathwayswhichexertpleiotropicfunctionsinDR(Figure1).
Furthermore,PEDFareofvitalimportanceinsomeother
ways.Firstly,PEDFmightbethemost-likelypotential
inhibitorofpathologicalangiogenesisinthemammalian
eyes
[41].Secondly,over-expressionofPEDFindeveloping
retinaexertednomarkedorpermanenteffectsonthenormal
patternofretinalvesseldevelopment
[59].Moreover,
investigationonphaseIclinicaltrialsconcerningthe
age-relatedmaculardegenerationindicatedthatintravitreal
injectionofadenoviralvector-deliveredPEDFhadapossible
dose-dependentanti-angiogeniceffect,withoutserious
adversesideeffectandtoxicities
[60].Inthatstudy,data
demonstratedthatintravitreousinjectionofPEDFof10
9.5
particleunits(PU)insubjectswithadvancedneovascular
AMDpatientsissafeandgenerallywelltolerated.In
addition,thedoseupto10
8 PUoraboveisableto
significantlyimprovethesymptomsofadvancedneovascular
AMDpatients
[60].
PEDFanddiabeticretinopathy
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PEDFcanbeappliedtotreatdiabeticretinopathyinclinicin
thefuture.Intravitrealinjectionoffull-lengthsolublePEDF
proteinintoresearchanimalshasbeenshowntoprevent
neuronalderangements,andsignificantlyreducethevascular
hyperpermeabliltyaswellasretinalleukostasisin
STZ-induceddiabeticrats
[21,26,52].Furthermore,studieson
OIRratmodel,acommonmodelforPDR,showedthat
intravitrealinjectionsoffull-lengthsolublePEDFprotein
significantlyreducedvascularhyperpermeability,retinal
ischemiaandneovascularization
[58,61].Therefore,the
administrationofPEDFmaybeapromisingstrategyto
preventthedevelopmentofDR.
However,thesizeofPEDFmaylimititsutilityasa
therapeuticagent;somesyntheticPEDF-derivedpeptides
withcertainbiologicalactivefragmentmaybeneeded.
Therefore,itisimportanttoclarifythestructure-function
relationshipofPEDF.Theresiduesoffouraminoacids
(glutamate-101,isoleucine-103,leucine-12andserine-115)in
PEDFpeptidecontributetotheinhibitionofVEGF-induced
vascularpermeability
[40].Furthermore,studiesonOIR,a
commonmodelforPDR,showedthata34mer-derived
peptideofPEDFisabletoinhibitthepathologicalretinal
neovascularization
[18].Recently,avarietyofthefunctional
sitesofPEDFinoculardiseasehavebeenindentifiedin
preclinicalstudy(Table1),whichindicatethatPEDFcould
beclinicallyappliedfortreatmentofDRinthefuture.
However,theapplicationofPEDFproteininclinicmightbe
restrictedbecauseofitsinstabilityandshorthalf-life.
Therefore,exploringanewmethodtodeliveryPEDFwith
long-termeffectisnecessarybeforeclinicalapplicationof
PEDFbeingavailable.DeliveryofPEDF virusmediated
genetransfertotheretinahasbeenshowntoattenuatethe
pathologicalocularneovascularizationandvascularleakage
inOIR,withnoaffectionnormalvascularformation
[68].
Nevertheless,genetherapymightcauseafewproblems,such
potentialoncology-inducingproperty, immunogenicity,
uncertainquantitativeexpressionandsafety, .Arecent
studyshowsthatthepolyethyleneglycol(PEG)-modified
PEDFcaneffectively inhibitthedevelopmentof
neovascularizationinOIRratmodelandhasalong-lasting
effectinbothplasmaconcentrationandretinalconcentration,
whichcouldbeapromisinglong-termapproachforthe
treatmentofDR
[69].
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